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1
HIGH-SPEED CENTRIFUGAL COMPRESSOR

TECHNICAL FIELD

The present disclosure relates to a high-speed centrifugal
COmPpPressor.

BACKGROUND

At present, the development of new energy fuel cell
vehicles 1s considered to be an important part in the trans-
formation of transportation energy and power. In order to
ensure the normal operation of a fuel cell engine, the engine
generally requires auxiliary systems such as a hydrogen
supply subsystem, an air supply subsystem, and a circulating
water cooling management subsystem. Lots of researches
shows that the high-pressure, high-tflow air supplying has an
obvious effect on improving the power output of the existing
tuel cell engine. Therefore, generally before air enters the
engine, the intake air needs to be pressurized. A centrifugal
alr compressor 1s an energy conversion device to achieve
this goal, and 1s one of the important components of the air
supply system of the full cell engine.

The structure of a current high-speed centrifugal com-
pressor mainly includes a shell, a stator and a main shaft. A
primary bearing pedestal and a secondary bearing pedestal
which are used for supporting a main shait are respectively
mounted on inner sides of two ends of the shell. A primary
diffuser and a secondary diffuser are respectively mounted
on outer sides of two ends ol a motor shell. Two ends of the
main shait penetrate through the primary diffuser and the
secondary difluser and are respectively provided with a
primary worm wheel and a secondary worm wheel. A
primary volute and a secondary volute are mounted outside
the primary worm wheel and the secondary worm wheel.
During working, there are the following disadvantages;

I. The speed of the main shaft exceeds 10000 r/min. Due
to 1ts high speed, 1f a sealing ring 1s used for sealing between
a high-pressure cavity and a low-pressure cavity, the sealing
ring will be quickly worn and damaged, and cannot achieve
a sealing eflect. At present, there 1s no good technological
means to solve the sealing problem between the high-
pressure cavity and the low-pressure cavity in the industry.

II. A lot of heat will be generated inside during working.
If the heat 1s not discharged in time 1s accumulated, the
central compressor will be forced to stop due to an excessive
internal temperature. At present, the centrifugal compressor
1s generally cooled by external water cooling and internal air
cooling. In the internal air cooling form, internal compo-
nents of the centrifugal compressor are required to have an
air guide function. All the components can be fully cooled
only if a reasonable conduction path for air flowing 1is
tformed internally. The existing internal air cooling structure
has a single iternal conduction path and 1s not reasonable
in design, so that only some components, instead of all the
functional components, can be cooled, and the cooling eflect
1s poor. Therefore, 1t 1s necessary to redesign the internal air
cooling structure.

III. A thrust air bearing 1s an important component in the
centrifugal compressor. The air bearing generates an axial
bearing force using a compression elfect of a wedge-shaped
air film between a top-layer foil and a thrust collar, and
mainly includes a bottom plate, a middle supporting mem-
ber, and the top-layer fo1l. It 1s of great importance to design
the top-layer foil, which will directly aflect the overall
performance of the air bearing. The existing top-layer foils
are mainly divided mnto two kinds of structures; a split
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structure and an 1integral structure. The advantages and
disadvantages of the two kinds of structures in the prior art

are now analyzed as follows; In the split structure, one side
of each top-layer foi1l 1s fixed, and the other side 1s a free end.
Its advantages are as follows; the free end of each top-layer
fo1l has good floatability and can be fully formed 1nto an air
film. Once a certain top-layer foi1l deforms, 1t will not aflect
other top-layers foils. Its disadvantages are as follows; (1)
An assembling process has extremely high requirements and
1s relatively complicated. There are strict requirements for
both positioning and welding of each top-layer foil and a
high requirement for machining accuracy. Slight warping
will affect the planeness of the entire bearing. (2) The free
end easily moves or warps axially to be in contact with the
thrust collar. As a result, the free end of the top-layer foil and
the thrust collar are worn, and the stability and the service
life of the bearing are severely reduced. In the integral
structure, the top-layer foils are connected into a whole. The
advantages are as follows; It 1s convenient for positioning
and assembling, and the free end will not move or warp
axially, which avoids the contact wear between the free end
of the top-layer fo1l and the thrust collar. The disadvantages
are as follows; (1) The floatability of the free end of the
top-layer foil 1s limited too much, which afiects the rise or
fall of the free end with a wavelorm, thus aflecting the
stability of the formed air film. (2) When the top-layer foil
partially deforms, the entire top-layer foil will generate
stress and even warp to deform, making the entire top-layer
to1l fail to use.

To sum up, the above-mentioned structural problems of a
high-speed centrifugal compressor have become technical
problems that need to be solved urgently in the industry.

SUMMARY

In order to overcome the shortcomings in the prior art, the
present disclosure provides a high-speed centrifugal com-
pressor, which solves the problem that due to its single
conduction path, a conventional internal air cooling struc-
ture can only cool some components, instead of all the
components, so that the cooling effect 1s poor, and solves the
problem that air leaks from two stages ol high-pressure
cavities to a low-pressure cavity iside a centrifugal com-
pressor, so that the compression efliciency 1s reduced.

In order to solve the above-mentioned technical problems,
the technical solutions adopted in the present disclosure are
as follows:

A high-speed centrifugal compressor includes a shell, a
stator, and a main shait; a primary bearing pedestal and a
secondary bearing pedestal which are used for supporting
the main shait are respectively mounted on inner sides of
two ends of the shell; a primary diffuser and a secondary
diffuser are respectively mounted on outer sides of the two
ends of the shell; two ends of the main shait penetrate
through the primary diffuser and the secondary diffuser and
are respectively provided with a primary worm wheel and a
secondary worm wheel; a primary volute and a secondary
volute are mounted outside the primary worm wheel and the
secondary worm wheel; the primary volute and the second-
ary volute are connected through a connection pipe; a thrust
collar sleeves the main shaft between the primary diffuser
and the primary bearing pedestal; one thrust air bearing 1s
arranged on each of two sides of the thrust collar; a radial air
bearing 1s arranged between each of the primary bearing
pedestal and the secondary bearing pedestal and the main
shaft; a sealing end cover 1s arranged between the primary
worm wheel and the primary diffuser; several annular slots




US 12,152,593 B2

3

are arranged between the sealing end cover and the primary
worm wheel; several annular slots are arranged between the
secondary diffuser and the main shait; and a backilow air
cooling system 1s arranged 1n the shell.

The backflow air cooling system includes the following;

The primary diffuser includes a diffuser body; an air inlet
hole communicated with an inner cavity of the primary
volute 1s formed 1n the diffuser body; a worm wheel hole 1s
formed 1n a center of the diffuser body; one side of the
diffuser body 1s provided with a cooling air backtlow cavity;
a slot bottom of the cooling air backtlow cavity 1s provided
with several air guide slots; the air guide slots are commu-
nicated with the worm wheel hole; a first annular air guide
slot 1s arranged on the diffuser body on the other side of a
periphery of the cooling air backtlow cavity; the cooling air
backtlow cavity 1s communicated with the first annular air
guide slot through several air guide holes; the first air guide
holes are communicated with the air guide slots; the other
side of the diffuser body 1s provided with several first bosses
corresponding to a thrust bearing; a first air guide channel 1s
formed between adjacent first bosses; the first air guide
channels are communicated with the worm wheel hole;

the primary bearmg pedestal includes a bearing pedestal
body; a main shait hole 1s formed 1n a center of the
bearing pedestal body; one side of the bearing pedestal
body 1s provided with a thrust bearing mounting slot; a

second annular air guide slot communicated with the
air mlet hole 1s arranged on the bearing pedestal body
at a periphery of the thrust bearing mounting slot; the
thrust bearing mounting slot 1s commumicated with the
second annular air guide slot through several second air
guide holes; a slot bottom of the thrust bearing mount-
ing slot 1s provided with several second bosses corre-
sponding to the thrust bearing; second air guide chan-
nels that are communicated are formed between
adjacent second bosses; the second air guide channels
are communicated with a main shaft hole; the bearing
pedestal body between the thrust bearing mounting slot
and the second annular air guide slot 1s provided with
several via holes communicated with the first annular
air guide slot;

air 1n the nner cavity of the primary volute enters the

second annular air guide slot from the air inlet hole and
enters the thrust bearing mounting slot via the second
air guide holes; one part of the air 1n the thrust bearing
mounting slot enters the main shaft hole via the second
air guide channels and 1s discharged from the radial air
bearing to a gap between the stator and the main shafit;
and the other part of the air enters the worm wheel hole
via the first air guide channels, flows back to the
cooling air backflow cavity, then enters the first air
guide holes via the air guide slots, enters the first
annular air guide slot from the first air guide holes, 1s
discharged from the first annular air guide slot to the
gap between the stator and the main shaft through the
via holes, enters a cavity between the secondary bear-
ing pedestal and the secondary diffuser through the
main shait hole of the secondary bearing pedestal and
the radial air bearing, 1s discharged to the outside, and
1s discharged out of the shell through small holes 1n the
shell.

A bottom of the secondary diffuser 1s provided with an
exhaust channel; a bottom of the shell 1s provided with an
exhaust hole communicated with the exhaust channel; and
the air between the secondary bearing pedestal and the
secondary diffuser 1s discharged through the exhaust channel

and the exhaust hole.
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Several air guide vanes are circumierentially arranged on
the diffuser body on the same side of the periphery of the
cooling air backtlow cavity.

Several air outlet holes are arranged between the first
annular air guide slot and an outer end face of the diffuser
body.

A radial air bearing mounting slot 1s arranged on the
bearing pedestal body; and stopper slots used for mounting
the radial air bearing are arranged on the bearing pedestal
body on two sides of the radial air bearing mounting slot.
The several annular slots between the sealing end cover
and the primary worm wheel are arranged on an inner
surface of the sealing end cover or an outer surface of the
primary worm wheel; and the several annular slots between
the secondary diffuser and the main shaft are arranged on an
inner surface of the secondary diffuser or an outer surface of
the main shaft.

The thrust air bearing includes a bottom plate, a middle
supporting member, and a top-layer foil; the top-layer foil
includes several single foils; the several single foils are
annularly arranged; and two adjacent single foils are tlexibly
connected to form an integral top-layer foil structure.

The two adjacent single foils are flexibly connected
through a tie; the tie 1s wavy; and the tie and the two adjacent
single foils are mtegrally formed.

The two adjacent single foils are connected through two
ties; the two ties are respectively arranged at an annular
inner edge and outer edge of the two adjacent single foils;
notches are respectively formed 1n joints of the single foils
and the ties; and the notches of the two adjacent single foils
are abutted to form a space for accommodating the ties.

By the adoption of the above solution, the present dis-
closure has the following advantages;

The sealing end cover 1s added between the primary worm
wheel and the primary diffuser. The several annular
slots are arranged between the sealing end cover and
the primary worm wheel. The several annular slots are
arranged between the main shaft and the secondary
diffuser. When the main shait drives the primary worm
wheel and the secondary worm wheel to rotate at a high
speed, high-pressure cavities are formed 1n the primary
volute and the secondary volute. The air leaks from the
high-pressure cavities to the low-pressure cavity under
the action of a pressure. When the air passes through
the annular slots, air seals will be formed 1n the annular
slots to prevent the air from continuing to leak to the
low-pressure cavity subsequently. The several air seals
formed in the several annular slots can greatly enhance
a sealing eflect between the high-pressure cavities and
the low-pressure cavity and improve the compression

ciliciency of the high-pressure cavities.

By means of improving the structures of the primary
diffuser and the primary bearing pedestal, the internal air
cooling structure 1s better optimized, and can cool the two
thrust air bearings, the two radial air bearings, the main
shaft, and the stator in the high-speed centrifugal compres-
sor, with a good cooling effect. The internal heat can be
timely discharged, without being accumulated, so that the
situation that the high-speed centrifugal compressor 1s
forced to stop due to an extremely high internal temperature
1s avoided.

Two adjacent single foils in the thrust air bearing are
flexibly connected to form the integral top-layer foil struc-
ture which has the advantages of the traditional split struc-
ture and integral structure. This structure 1s convenient to
position and assemble. The machining accuracy of an elastic
fo1l can be lowered, so that slight warping of the elastic foil
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will not affect the planeness of the entire bearing. The free
end of the single fo1l will not move or warp axially, so that
the wear caused by the contact with the thrust collar 1s
avoilded, and the service life 1s prolonged. The wavy tie
ensures the mtegrality of the top-layer foil, and enables the
top-layer foil to have a certain stretching quantity and
deformation, without affecting the rise or fall of the free end
of the single foil with the waveform, thus ensuring the
stability of formation of the air film. Even 1f the top-layer
fo1l partially deforms, the entire top-layer foil still works
under the bending deformation caused by the stress.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic structural diagram of the present
disclosure.

FIG. 2 15 a schematic structural diagram of an internal air
cooling line and principle of the present disclosure.

FIG. 3 1s a three-dimensional schematic structural dia-
gram of a front view of a primary diffuser of the present
disclosure.

FIG. 4 1s a schematic structural diagram of a sectional
view of a primary diffuser of the present disclosure.

FIG. 5 1s a three-dimensional schematic structural dia-

gram of a rear view of a primary difluser of the present
disclosure.

FIG. 6 1s a three-dimensional schematic structural dia-
gram of a front view of a primary bearing pedestal of the
present disclosure.

FIG. 7 1s a schematic structural diagram of a sectional
view of a primary bearing pedestal of the present disclosure.

FIG. 8 1s a three-dimensional schematic structural dia-
gram of a rear view ol a primary bearing pedestal of the
present disclosure.

FIG. 9 1s a schematic structural diagram of a thrust air
bearing of the present disclosure.

FIG. 10 1s a schematic structural diagram of a bottom
plate of a thrust air bearing of the present disclosure.

FIG. 11 1s a schematic structural diagram of a maddle
supporting member of the present disclosure being mounted
on a bottom plate.

FIG. 12 1s a schematic structural diagram of a top-layer
fo1l of a thrust air bearing of the present disclosure.

In the drawings; 1; shell; 2; stator; 3; main shait; 4;
primary bearing pedestal; 5; secondary bearing pedestal; 6;
primary diffuser; 7; secondary difluser; 8; primary worm
wheel; 9; secondary worm wheel; 10; primary volute; 11;
secondary volute; 12; diffuser body; 13; air inlet hole; 14;
worm wheel hole; 15; cooling air backilow cavity; 16; air
guide slot; 17; first annular air guide slot; 18; first air guide
hole; 19; first boss; 20; first air guide channel; 21; bearing
pedestal body; 22; main shaft hole; 23; thrust bearing
mounting slot; 24; second annular air guide slot; 25; second
airr guide hole; 26; second boss; 27; second air guide
channel; 28; via hole; 29; exhaust channel; 30; exhaust hole;
31; air guide vane; 32; air outlet hole; 33; radial air bearing
mounting slot; 34; stopper slot; 35; thrust collar; 36; thrust
air bearing; 37; radial air bearing; 38; sealing end cover; 39;
annular slot; 40; bottom plate; 41; top-layer foil; 42; single
to1l; 43; tie; 44; notch; 45; cooling groove; 46; fixed mount-
ing hole; 47; supporting foil; and 48; elastic foil.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

L1

In order to clearly describe the technical features of this
solution, the present disclosure will be described in detail
below by specific implementations and accompanying draw-
ings thereof.
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As shown 1 FIG. 1 to FIG. 12, a high-speed centrifugal
compressor includes a shell 1, a stator 2, and a main shait 3.
A primary bearing pedestal 4 and a secondary bearing
pedestal 5 which are used for supporting the main shait 3 are
respectively mounted on inner sides of two ends of the shell
1. A primary difluser 6 and a secondary diffuser 7 are
respectively mounted on outer sides of the two ends of the
shell 1. Two ends of the main shait 3 penetrate through the
primary diffuser 6 and the secondary diffuser 7 and are
respectively provided with a primary worm wheel 8 and a
secondary worm wheel 9. A primary volute 10 and a
secondary volute 11 are mounted outside the primary worm
wheel 8 and the secondary worm wheel 9. The primary
volute 10 and the secondary volute 11 are connected through
a connection pipe 100. A thrust collar 35 sleeves the main
shaft 3 between the primary diffuser 6 and the primary
bearing pedestal 4. One thrust air bearing 36 1s arranged on
cach of two sides of the thrust collar 35. A radial air bearing
37 1s arranged between each of the primary bearing pedestal
4 and the secondary bearing pedestal 5 and the main shaitt 3;
a sealing end cover 38 i1s arranged between the primary
worm wheel 8 and the primary diffuser 6. Several annular
slots 39 are arranged between the sealing end cover 38 and
the primary worm wheel 8. Several annular slots 39 are
arranged between the secondary diffuser 7 and the main
shaft 3. A backtlow air cooling system 1s arranged in the
shell 1.

When the main shaft 3 drives the primary worm wheel 8
and the secondary worm wheel 9 to rotate at a high speed,
high-pressure cavities are formed 1n the primary volute 10
and the secondary volute 11. Air leaks from the high-
pressure cavities to a low-pressure cavity under the action of
a pressure. When the air passes through the annular slots 39,
air seals will be formed in the annular slots 39 to prevent the
air from continuing to leak to the low-pressure cavity
subsequently. The several air seals formed in the several
annular slots 39 can greatly enhance a sealing effect between
the high-pressure cavities and the low-pressure cavity and
improve the compression efliciency of the high-pressure
cavities.

The backtlow air cooling system includes the following;
The primary diffuser 6 includes a diffuser body 12. An air
inlet hole 13 communicated with an inner cavity of the
primary volute 10 1s formed 1n the diffuser body 12. A worm
wheel hole 14 1s formed 1n a center of the diffuser body 12.
One side of the diffuser body 12 1s provided with a cooling
air backtlow cavity 15. A slot bottom of the cooling air
backilow cavity 15 1s provided with several air guide slots
16. The air guide slots 16 are commumicated with the worm
wheel hole 14. A first annular air gmide slot 17 1s arranged
on the diffuser body 12 on the other side of a periphery of
the cooling air backtlow cavity 13. The cooling air backtlow
cavity 15 1s communicated with the first annular air guide
slot 17 through several air guide holes 18. The first air guide
holes 18 are communicated with the air guide slots 16. The
other side of the diffuser body 12 1s provided with several
first bosses 19 corresponding to a thrust bearing. A first air
guide channel 20 1s formed between adjacent first bosses 19.
The first air guide channels 20 are communicated with the
worm wheel hole 14. The primary bearing pedestal 4
includes a bearing pedestal body 21. A main shaft hole 22 1s
formed 1n a center of the bearing pedestal body 21. One side
of the bearing pedestal body 21 is provided with a thrust
bearing mounting slot 23. A second annular air guide slot 24
communicated with the air inlet hole 13 1s arranged on the
bearing pedestal body 21 at a periphery of the thrust bearing
mounting slot 23. The thrust bearing mounting slot 23 1s
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communicated with the second annular air guide slot 24
through several second air guide holes 25. A slot bottom of
the thrust bearing mounting slot 23 1s provided with several
second bosses 26 corresponding to the thrust bearing. Sec-
ond air guide channels 27 that are communicated are formed
between adjacent second bosses 26. The second air guide

channels 27 are communicated with a main shaft hole 22.
The bearing pedestal body 21 between the thrust bearing
mounting slot 23 and the second annular air guide slot 24 1s
provided with several via holes 28 communicated with the
first annular air guide slot 17. Air 1n the mner cavity of the
primary volute 10 enters the second annular air guide slot 24
from the air inlet hole 13 and enters the thrust bearing
mounting slot 23 via the second air guide holes 25. After
cooling one of the thrust bearings, one part of the air 1n the
thrust bearing mounting slot 23 enters the main shait hole 22
via the second air guide channels 27 and i1s discharged to a
gap between the stator 2 and the main shait 3. After cooling
the other thrust bearing, the other part of the air enters the
worm wheel hole 14 via the first air guide channels 20, flows
back to the cooling air backilow cavity 13, then enters the
first air guide holes 18 via the air guide slots 16, enters the
first annular air guide slot 17 from the first air guide holes
18, 1s discharged from the first annular air guide slot 17 to
the gap between the stator 2 and the main shait 3 through the
via holes 28, enters a cavity between the secondary bearing
pedestal 5 and the secondary diffuser 7 through the main
shaft hole of the secondary bearing pedestal 5 and the radial
air bearing, and 1s discharged to the outside. A bottom of the
secondary diffuser 7 1s prowded with an exhaust channel 29.
A bottom of the shell 1 1s provided with an exhaust hole 30
communicated with the exhaust channel 29. The air between
the secondary bearing pedestal 5 and the secondary diffuser
7 1s discharged to the outside through the exhaust channel 29
and the exhaust hole 30.

Several air guide vanes 31 are circumierentially arranged
on the diffuser body 12 on the same side of the periphery of
the cooling air backflow cavity 15. The air guide vanes 31
cooperate with the pnmary worm wheel 8, which can
improve the air compression efliciency.

Several air outlet holes 32 are arranged between the first
annular air guide slot 17 and an outer end face of the diffuser
body 12. One part of the enter entering the first annular guide
slots 17 1s discharged into the centrifugal compressor to cool
the inside of the centrifugal compressor. The other part of the
air 1s directly discharged from the air outlet holes 32 1nto a
primary compression cavity for continuous transportation to
a secondary compression cavity.

A radial air bearing mounting slot 33 is arranged on the
bearing pedestal body 21. On the one hand, the radial air
bearing mounting slot 33 1s used for mounting the radial air
bearing. On the other hand, part of the air will also enter the
radial air bearing mounting slot 33 from the main shaift hole
22 and be backwards discharged mto the gap between the
stator 2 and the main shaft 3. The air 1n the main shaft hole
22 can play a cooling role for the radial air bearing.

Stopper slots 34 used for mounting the radial air bearing
are arranged on the bearing pedestal body 21 on two sides
of the radial air bearing mounting slot 33. Stoppers are
mounted 1n the stopper slots 34 through screws to fix the
radial air bearing.

The several annular slots 39 between the sealing end
cover 38 and the primary worm wheel 8 are arranged on an
inner surtace of the sealing end cover 38 or an outer surface
of the primary worm wheel 8. The several annular slots 39
between the secondary diffuser 7 and the main shaft 3 are
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arranged on an inner surface of the secondary diffuser 7 or
an outer surface of the main shaft 3. In both cases, air sealing
structures can be formed.

The thrust air bearing 36 includes a bottom plate 40, a
middle supporting member, and a top-layer foil 41. The
bottom plate 40 1s annular. The bottom plate 40 1s circum-
terentially provided with several cooling grooves 45. Sev-
eral fixed mounting holes 46 are formed 1n an outer edge of
the bottom plate 40. The middle supporting member
includes several supporting foils 47 and elastic foils 48. The
supporting foils 47 and the elastic foils 48 are fixed on the
bottom plate 40 1n a spot welding manner. The supporting
to1l 47 and the elastic foil 48 form one group to support the
top-layer fo1l 41. The top-layer foil 41 includes several
single foils 42. The several single foils 42 are annularly
arranged. Two adjacent single foils 42 are flexibly connected
to form an integral top-layer foil structure.

The two adjacent single foils 42 are flexibly connected
through a tie 43. The tie 43 1s wavy. The tie 43 and the two
adjacent single foils 42 are integrally formed. The wavy tie
43 ensures the integrality of the top-layer foil 41, and
cnables the top-layer foil 41 to have a certain stretching
quantity and deformation, without aflecting the rise or fall of
the free end of the single foil 42 with the wavetform, thus
ensuring the stability of formation of the air film. Even 1f the
top-layer foil 41 partially deforms, the entire top-layer foil
41 still works under the bending deformation caused by the
stress.

The two adjacent single foils 42 are connected through
two ties 43. The two ties 43 are respectively arranged at an
annular inner edge and outer edge of the two adjacent single
fo1ls 42. Notches 44 are respectively formed 1n joints of the
single foils 42 and the ties 43. The notches of the two
adjacent single foils 42 are abutted to form a space for
accommodating the ties. It can ensure that the ties 43 in the
space have a certain length and thus have a space for
stretching and deformation, and the connection strength 1s
enhanced.

The above-mentioned specific implementations are not
intended to limit the protection scope of the present disclo-
sure. For those skilled 1in the art, any alternative improve-
ments or transformations made to the implementations of the
present disclosure fall within the protection scope of the
present disclosure.

The parts that are not described 1n detail 1n the present
disclosure are the well-known technologies for those skilled
in the art.

What 1s claimed 1s:

1. A high-speed centrifugal compressor, comprising a
shell, a stator, and a main shaft, wherein a primary bearing
pedestal and a secondary bearing pedestal which are used for
supporting the main shatt are respectively mounted on 1nner
sides of two ends of the shell; a primary diffuser and a
secondary diffuser are respectively mounted on outer sides
of the two ends of the shell; two ends of the main shaft
penetrate through the primary diffuser and the secondary
diffuser and are respectively provided with a primary worm
wheel and a secondary worm wheel; a primary volute and a
secondary volute are mounted outside the primary worm
wheel and the secondary worm wheel; the primary volute
and the secondary volute are connected through a connec-
tion pipe; a thrust collar sleeves the main shaft between the
primary diffuser and the primary bearing pedestal; two thrust
air bearings are respectively arranged on two sides of the
thrust collar; a first radial air bearing 1s arranged between the
primary bearing pedestal and the main shaft and a second
radial air bearing 1s arranged between the secondary bearing,
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pedestal and the main shaft; a sealing end cover 1s arranged
between the primary worm wheel and the primary diffuser;
several annular slots are arranged between the sealing end
cover and the primary worm wheel; several annular slots are
arranged between the secondary diffuser and the main shatft;
and a backtlow air cooling system 1s arranged 1n the shell;
wherein each thrust air bearing comprises a bottom plate,
a middle supporting member, and a top-layer foil; the
top-layer fo1l comprises a set of several single foils; the
set of several single foils are annularly arranged; and
cach two adjacent single foils of the set of several
single foils are flexibly connected with each other
through a tie to form an 1ntegral top-layer fo1l structure;
the tie 1s wavy; and the tie and the two adjacent single
foils are integrally formed.

2. The high-speed centrifugal compressor according to
claim 1, wherein the backiflow air cooling system comprises
the following;:

the primary diffuser comprises a difluser body; an air inlet

hole communicated with an mner cavity of the primary
volute 1s formed 1n the diffuser body; a worm wheel
hole 1s formed in a center of the diffuser body; one side
of the diffuser body i1s provided with a cooling air
backflow cavity; a slot bottom of the cooling air
backtlow cavity 1s provided with several air guide slots;
the air guide slots are communicated with the worm
wheel hole; a first annular air guide slot 1s arranged on
the diffuser body on the other side of a periphery of the
cooling air backflow cavity; the cooling air backflow
cavity 1s communicated with the first annular air guide
slot through several first air guide holes; the first air
guide holes are communicated with the air guide slots;
another side of the diffuser body 1s provided with
several first bosses corresponding to a first thrust air
bearing of the two thrust air bearings thrust bearing; a
first air guide channel i1s formed between each two
adjacent first bosses of the several first bosses; the first
air guide channels are communicated with the worm
wheel hole;

the primary bearing pedestal comprises a bearing pedestal
body; a main shait hole 1s formed 1n a center of the
bearing pedestal body; one side of the bearing pedestal
body 1s provided with a thrust air bearing mounting
slot; a second annular air guide slot communicated with
the air inlet hole 1s arranged on the bearing pedestal
body at a periphery of the thrust air bearing mounting
slot; the thrust air bearing mounting slot 1s communi-
cated with the second annular air guide slot through
several second air guide holes; a slot bottom of the
thrust air bearing mounting slot 1s provided with sev-
eral second bosses corresponding to a second thrust air
bearing of the two thrust air bearings; each of second
air guide channels 1s formed between each two adjacent
second bosses of the several second bosses; the second
airr guide channels are communicated with the main
shaft hole; the bearing pedestal body between the thrust
air bearing mounting slot and the second annular air
guide slot 1s provided with several via holes commu-
nicated with the first annular air guide slot;
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air 1n the mner cavity of the primary volute enters the
second annular air guide slot from the air inlet hole and
enters the thrust air bearing mounting slot via the
second air guide holes; one part of the air 1n the thrust
air bearing mounting slot enters the main shaft hole via
the second air guide channels and 1s discharged from
the first radial air bearing to a gap between the stator
and the main shaft; and another part of the air enters the
worm wheel hole via the first air guide channels, flows
back to the cooling air backiflow cavity, then enters the
first air guide holes via the air guide slots, enters the
first annular air guide slot from the first air guide holes,
1s discharged from the first annular air guide slot to the

gap between the stator and the main shait through the

via holes, enters a cavity between the secondary bear-

ing pedestal and the secondary diffuser through the
main shait hole of the secondary bearing pedestal and

the second radial air bearing, 1s discharged outside, and

1s discharged out of the shell through holes 1n the shell.

3. The high-speed centrifugal compressor according to
claiam 2, wherein a bottom of the secondary diffuser is
provided with an exhaust channel; a bottom of the shell 1s
provided with an exhaust hole communicated with the
exhaust channel; and the air between the secondary bearing
pedestal and the secondary diffuser 1s discharged through the
exhaust channel and the exhaust hole.

4. The high-speed centrifugal compressor according to
claim 2, wherein several air guide vanes are circumieren-
tially arranged on the diffuser body on the same side of the
periphery of the cooling air backflow cavity.

5. The high-speed centrifugal compressor according to
claaim 2, wherein several air outlet holes are arranged
between the first annular air guide slot and an outer end face
of the diffuser body.

6. The high-speed centrifugal compressor according to
claiam 2, wherein a radial air bearing mounting slot is
arranged on the bearing pedestal body; and stopper slots
used for mounting the first radial air bearing are arranged on
the bearing pedestal body on two sides of the radial air
bearing mounting slot.

7. The high-speed centrifugal compressor according to
claim 1, wherein the several annular slots between the
sealing end cover and the primary worm wheel are arranged
on an inner surtace of the sealing end cover or an outer
surface of the primary worm wheel; and the several annular
slots between the secondary diffuser and the main shaift are
arranged on an inner surface of the secondary diflfuser or an
outer surface of the main shaft.

8. The high-speed centrifugal compressor according to
claim 1, wherein the two adjacent single foils of the set of
several single foils are connected through two ties; the two
ties are respectively arranged at an annular mner edge and
outer edge of the two adjacent single foils of the set of
several single foils; notches are respectively formed in joints
of the set of several single foils and the ties; and the notches
of the two adjacent single foils of the set of several single
fo1ls are abutted to form a space for accommodating the ties.
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